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The possible approaches to a classification of the entire region 
are discussed and it is suggested that an approach such as 
that of Braun-Blanquet is impractical and of limited ecological 
value. It is suggested that possible approaches should involve 
structural characters and/or higher taxa. A vegetation 
classification was developed by sorting the data (structural 
characters and higher taxa), collected in 507 plots, according to 
a table-sorting procedure similar to that employed in the Braun-
Blanquet approach. Numerical attempts at a classification were 
largely unsuccessful probably because of the nature of the 
structural characters. The characters show complex similarity 
relationships to each other, and it is difficult to incorporate this 
into the numerical assessment of similarity between plots. The 
major epistemological problem of the approach is the extremely 
subjective group-making process, where not only the usual 
criticisms of the Braun-Blanquet table-sorting procedure apply, 
but there is also a subjective approach to the classificatory 
attributes: structural characters can be altered, removed and 
added to ensure an ecologically meaningful classification. The 
group-making is seen as a creative hypothesis-generating stage. 
It was followed by a brief test of the classification. 
s. Afr. J. Bal. 1986, 52: 129 -140 
'n Moontlike benadering tot die klassifikasie van die hele gebied 
word bespreek. Daar word verder voorgestel dat die Braun-
Blanquet-benadering onprakties en ekologies van min nut is. 
Daar word voorgestel dat moontlike benaderings strukturele 
kenmerke en/of hoer taksons moet insluit. 'n Plantegroei-
klassifikasie is ontwikkel deur die sortering van data (struktureei 
en hoer taksons) deur middel van 'n tafelsorteringsprosedure 
soortgelyk aan die van die Braun-Blanquet-benadering. Die data 
is versamel in 507 plotte. Numeriese klassifikasie was 
grotendeels onsuksesvol, waarskynlik as gevolg van die tipe 
strukturele kenmerke. Die kenmerke toon komplekse 
ooreenstemmende verwantskappe met mekaar en bemoeilik 
sodoende die inkorporering van hierdie kenmerke in 'n 
numeriese beoordeling van ooreenkoms tussen plotte. Die hoof 
epistemologiese probleem van die benadering is die uiterste 
subjektiewe groepvormende prosedure, waar nie alleenlik die 
gewone kritiek van die Braun-Blanquet-tafelsorterings van 
toepassing is nie, maar daar ook 'n subjektiewe benadering tot 
die klassifikasie-attribute is - strukturele kenmerke kan 
verander, verwyder en bygevoeg word, om te verseker dat 'n 
ekologies betekenisvolle klassifikasie verkry word. Die 
groepvorming word as 'n kreatief hipotesevormende fase gesien. 
Dit is opgevolg deur die klassifikasie kortliks te toets. 
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Introduction 
The region in which fynbos occurs, the Cape Floristic Region 
(Figure 1), is often regarded as one of the only six floral 
kingdoms in the world (Good 1974), yet despite the uniqueness 
and scientific interest of fynbos, it had not been classified in 
structural or floristic units at the time of the two recent reviews 
of fynbos ecology (Taylor 1978; Kruger 1979). Three-quarters 
of a century after the fIrst major attempt at a fynbos typology 
(Marloth 1908), botanists had only progressed to the stage 
of recognizing six subdivisions of montane fynbos (Taylor 
1978). Taylor (1978) attributes this partly to the botanical 
effort being directed towards solving the manifold taxonomic 
problems and partly to the complexity of the vegetation. The 
lack of progress is not due to the lack of vegetation variability 
because fynbos varies in height from 0,15 m to over 5 m, 
varies in cover from 25070 to 100070 total cover and includes 
types dominated by narrow-leaved shrubs, by broad-leaved 
short trees, and by graminoids (Kruger 1979). 
Because of the needs of the managers and researchers of 
mountain catchments in the Cape Floristic Region (Taylor 
1978; Kruger 1978), a project was designed to produce an 
ecologically meaningful classification of the mountain vegeta-
tion of the fynbos region. In this paper I discuss the approach 
and methods adopted and the epistemological basis of the 
approach. The major community/environment interactions 
are investigated in Campbell (1986). 
This study is complete for all the mountain vegetation of 
the Cape Floristic Region (Figure 1), an area of approximately 
4,0 million hectares. The vegetation is predominantly fynbos 
but also includes grassland, forest and various dry non-fynbos 
shrublands. 
Methods 
Reconnaissance survey 
In order to test the suitability of different methods prior to 
the major sampling programme, I collected detailed floristic 
and structural data in the north, and data of a similar nature 
were available for the south-west (Kruger 1981) - Cedarberg 
transect and 10nkershoek transect, respectively (Figure 1). The 
Cedarberg transect spans the range. The plots have been or-
dinated in a two dimensional space defIned by environmental 
variables (Figure 3). One axis is the first principal component 
of rainfall and precipitation (91070 of the variation in these 
variables accounted for) and the other is the first principal 
component of rock cover, slope and soil depth (75070 of the 
variation accounted for). Plots 1 through to 19 on the 10n-
kershoek transect are on a gradient from coast to 1 200 m 
mountain. 
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Figure 1 The study area and transects. The distribution of fynbos has been modified from Acocks (1953). The phytogeographical zones that guided 
transect selection are shown. 
Vegetation classifications based on the floristic data were 
produced using the Czekanowski coefficient and group aver-
age sorting (Campbell 1978). Presence/absence data for all 
species were used for the Cedarberg floristic classification, 
whereas only species with more than 1070 cover were used for 
the 10nkershoek floristic classification. A posteriori structural 
classifications (sensu Linder & Campbell 1979), were also pro-
duced using the Czekanowski coefficient and group average 
sorting except that the classificatory characters were log-
transformed cover values of structural characters. The so-
called 'correct' classification for 10nkershoek is the floristic 
classification as it correctly aligns the plots in a sequence from 
coast to mountain top. The 'correct' classification for the 
Cedarberg was subjectively derived from the numerically 
produced structural and floristic classifications and from my 
field experience in the area. Congruence between classifications 
was measured by the following: (i) group-forming success: 
percentage of the total groups in the classification that are 
correctly defined, a group being correct if it contains more 
than 35070 of the plots of a group of the correct classification, 
and (ii) plot linkage success: percentage of plots that are placed 
in correct groups. 
Major survey 
Plot selection 
A total of 507 plots were sampled on 22 transects. To ensure 
full coverage of the area at least one transect was done in 
each of the 16 tentative phytogeographical zones (Figure 1). 
A transect-based approach was used to facilitate the possibility 
of direct ordination and to increase sampling efficiency. Each 
10 x 5 m plot was placed subjectively in mature stands of 
vegetation which appeared uniform with respect to habitat, 
structure and floristics; lOx 5 m is the size commonly used 
in phytosociological surveys in fynbos (e.g. Boucher 1978; 
Bond 1981). In the Cedarberg reconnaissance lOx 10 m plots 
were used, but the analyses showed that the numerically 
defined a posteriori structural classifications were extremely 
robust to the removal of up to 26070 of the cover values 
recorded; these cover values being low-cover records (less than 
1070 cover) (Table lA). It was felt that a smaller plot would 
be as information-rich but more time-efficient than a 10 x 10 m 
plot. Sampling was not restricted to spring as the inclusion 
or exclusion of seasonally absent structural characters in the 
analysis of the Cedarberg data was not critical to the numeric-
ally produced classifications (Table lC). Much more critical 
was the detail of the structural characters used in the analysis 
(e.g. 69 or 9 characters) (Table lA). 
Data recorded 
At each plot environmental, floristic and structural data were 
collected. Most of the data collected were structural. There 
is almost no limit to the number of structural characters that 
can be recorded. The selection of characters recorded for this 
study was guided by the few hypotheses reported for fynbos 
(e.g. Marloth 1908; Bews 1925; Kruger 1979), by the more 
numerous hypotheses reported for similar vegetation forma-
tions (e.g. Cody & Mooney 1978; Parsons 1976) and by the 
reconnaissance studies. In the Cedar berg study structural 
characters and cover values were assigned to each species in 
the plot and data collection took up to three hours per plot. 
To decrease sampling duration during the main sampling 
programme, structural characters that were difficult to record 
in the field were deleted from the original list of characters 
(e.g. regeneration strategies, branching patterns, crown shape) 
and instead of collecting data by species, cover values were 
assigned to each of the numerous structural characters. These 
modifications ensured that data collection took about one 
hour per plot. 
The distinctions among 'physiognomy', 'structure' and 
'function' are not maintained in the present work partly 
because of the difficulty of making clear distinctions and partly 
for the sake of brevity. I use 'structure' to encompass all three 
of the above terms. Furthermore, my use of 'structure' is 
rather loose as a number of the so-called structural characters 
are bound to taxonomic groups. To illustrate the characters 
collected the following are examples: leaf sizes, leaf arrangement 
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Table 1 A comparison between various structural 
classifications and a 'correct' classification. Results 
from the Cedarberg transect. The structural classifica-
tions were produced using the numerical methods 
described in the text 
A Number of structural characters used in the 
structural classification 
69 23 21 9 
Plot linkage 
success (070) 55 87 73 69 
B Exclusion of low cover records 
from the data matrix. Records with 
No exclusions 
the following cover values were 
(23 structural excluded 
characters) < 0,1070 < 0,5070 < 1070 
Number of 
records 
° 
8 18 26 
removed (070) 
Plot linkage 
success (070) 87 82 86 80 
C No exclusions 
(23 structural Exclusion of seasonally absent 
characters) structural characters 
Number of 
records 
° 
9 
removed (070) 
P lot linkage 
success (070) 87 80 
(e.g. ad pressed , fascicled), leaf form (e.g. ericoid), leaf tex-
ture (orthophyll, sclerophyll, succulent, semi-succulent), 
deciduousness, spinescence, pubescence, growth-form [woody 
plant, forb, fern, graminoid (grass, sedge, restioid)], and 
height class. Over 400 different combinations of characters 
were recorded (see Campbell 1985 for details). 
Apart from the floristic information used in the subdivision 
and characterization of structural characters (e.g. ericoid leaves 
were recorded by family, see discussion below), floristic data 
were also collected to allow a floristic description of each of 
the classes of the final classification. All cover-dominant 
species (species with greater than 100/0 of the total cover) and 
all emergent species were collected for identification and were 
assigned an estimated percentage cover. 
Data analysis 
The vegetation classification was produced using a process 
similar to the Braun-Blanquet table sorting process, except 
that the rows of the tables did not represent species. They 
represented the various classificatory attributes, mostly struc-
tural characters but also higher taxa and, in the case of one 
major community, dominant species (see Discussion). This 
table sorting was accomplished using a computer program in 
which the user specifies the desired sequences of rows and 
columns (van der Meulen et al. 1978; Campbell 1982). Various 
numerical classificatory techniques were attempted but these 
were largely unsuccessful. These included TWINSP AN (a 
divisive polythetic method - Gauch & Whittaker 1981; Hill 
1979) and COMPCLUS (a clustering method for large data 
sets - Gauch 1982). 
To identify the community/environment relationships, 
discriminant analyses were done on the major communities 
(Green 1979). In these analyses I specified the groups to which 
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plots belonged (according to the table sorting results), and 
then discriminant analyses were done (on two groups at a 
time) using the environmental variables . In this wayenviron-
mental variables that discriminate between groups can be 
identified. 
Discriminant functions between vegetation groups, i.e. 
functions to discriminate between different communities, were 
also constructed using the vegetation characters. The discrimi-
nant analyses were similar to those mentioned previously, 
except that multi-group analyses were done and the discrimina-
ting variables were vegetation characters, not environmental 
variables. 
Results and Discussion 
Possible approaches to a fynbos classification 
Plant communities can be classified on the basis of a number 
of quite different criteria. Below I discuss the feasibility of 
floristic and structural- functional approaches to a regional 
fynbos classification. 
Braun-Blanquet approach 
There has been much support for, and use of, the Braun-
Blanquet approach in fynbos by Werger et al. (1972). Werger 
et al. (1972) concluded that the approach could be successfully 
applied to fynbos despite its floristic richness. Their study site 
was 373 hectares and their conclusion probably does hold for 
small areas. However, for the reasons outlined below, I doubt 
whether the Braun-Blanquet approach is suitable for a classifi-
cation of the entire fynbos. 
Because of 'manifold taxonomic problems' (Taylor 1978) 
and because at anyone period many plants lack their diagnos-
tic features (there is a wide range of growth periodicities, e.g. 
Bond 1980), many specimens cannot be identified and many 
are misidentified in the field and in the laboratory. In my 
collection for this project of over 2 000 cover-dominant and 
emergent specimens, over 20% could not be identified to 
species. Over 15% of the 300 herbarium specimens were still 
awaiting identification three-and-a-half years after collection. 
Another example of the -problems encountered in floristic 
work comes from Bond (1981). Over 15% of the species 
that he recorded as being differential of one or two of his 
communities were not identified, were given question marks 
or were given collection numbers (all indicating identification 
problems). 
There are probably over 8 000 species in the Cape Floristic 
Region (Goldblatt 1978). It is only with extreme effort that 
the syntaxonomist is able to cope, in the field and in the 
analysis, with the numerous species. At the present rate of 
progress and detail, the whole study area will only be covered 
by a Braun-Blanquet survey in about 20 years. And even then 
how will the phytosociological tables of different workers be 
synthesized, given the numerous identification problems? 
Apart from the practical problems I also question the theo-
retical satisfaction provided by the Braun-Blanquet approach 
for an overall fynbos classification. Delta diversity (floristic 
change from region to region) is extremely high in fynbos 
(Kruger & Taylor 1979). For instance, the floras of Cape 
Hangklip and the Cape Peninsula are 53% different (Sorenson 
coefficient) even though the regions are only 40 kIn apart and 
have similar physiography, climate and soils (Kruger & Taylor 
1979). Bond (1981) has recently shown that communities that 
are structurally and environmentally similar can have very 
different floristics if they come from different geographical 
regions. Because of the high delta diversity, an overall fynbos 
classification based only on floristic composition will tend to 
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answer phytogeographical questions rather than ecological 
ones (though not exclusively so). This will especially be the 
case in the west where the tremendous diversity is concen-
trated (Goldblatt 1978). Therefore on practical and theoretical 
grounds I question the suitability of the Braun-Blanquet 
approach for an overall ecological classification of fynbos. 
Alternate approaches 
It appears that some genera, some families and many growth 
forms in fynbos show relatively distinct habitat preferences 
even though the species in the higher taxa or growth forms 
change rapidly along geographical gradients. For example, 
south aspects at high altitudes from widely separated regions 
have similar growth forms, and Ericaceae are dominant, 
whereas the species composition differs from region to region 
(Bond 1981; pers. obs.). It appears that these vegetation 
features - higher taxa and growth forms - can be used to 
classify the vegetation of the study area in a manner whereby 
the units of the classification reflect environmental conditions 
rather than phytogeographical patterns. 
Stl71ctural approaches. Many workers have advocated a phys-
iognomic or structural-functional approach to vegetation 
classification in regions where there are extreme plant identifi-
cation problems (e.g. Beard 1973; Dansereau 1951; Fosberg 
1967). These approaches have also been advocated in regions 
where an emphasis on differences in species composition tends 
to mask very real ecological similarities (Gleason 1926; Knight 
& Loucks 1969). For these reasons, the above approaches are 
the obvious ones to suggest themselves for fynbos classifica-
tion. The structural approach does have a history in fynbos 
classification; all the previous attempts at an overall fynbos 
classification have been based on structural characteristics 
(e.g. Marloth 1908; Adamson 1938; Taylor 1978; Kruger 
1979). One obvious problem arising from the use of structure 
is the affect of fire on fynbos structure (e.g. Kruger 1979; 
see discussion in Werger et al. 1972). As botanists do not even 
know the types and distribution of mature or climax fynbos, 
I felt that it was justifiable to restrict this project to mature 
fynbos vegetation (10 - 25 years since the last burn). 
There are essentially two ways of using structural informa-
tion to classify vegetation (Webb et al. 1976; Linder & Camp-
bell 1979). One approach is to classify vegetation by reference 
to fixed vegetation classes, defmed a priori. This is the approach 
followed when using most of the general structural systems 
(e.g. UNESCO 1973; Fosberg 1967). In the other approach, 
the a posteriori approach, a classification is synthesized from 
empirical data. Sample plots are grouped on the basis of their 
overall structural similarity. On theoretical grounds the latter 
approach is preferable; it tends to be more polythetic, more 
information-rich and it has higher predictive power (e.g. 
Sneath & Sokal 1973; Linder & Campbell 1979). A priori 
systems with their rigid and rather monothetic classes are 
prone to a high degree of misclassification (Goodall 1973; see 
Werger 1973, for criticism of Fosberg's, 1967, system). 
A priori systems have little hope of success in fynbos 
because almost nothing is known of the variation of structural 
characteristics in fynbos. Most a priori systems do not even 
mention the important fynbos growth forms (e.g. leafless, 
evergreen grarninoids - mostly Restionaceae). Some a priori 
schemes have been proposed for fynbos (e.g. Kruger 1981) 
or more generally for heathlands (Specht 1979; fynbos being 
regarded as a heathland type). A brief comparison of a priori 
and a posteriori approaches with the lonkershoek data indicat-
ed the superiority of the latter (Table 2). A similar conclusion 
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was arrived at previously (Linder & Campbell 1979). Neverthe-
less, I do not deny the place of a priori systems. In the present 
project an a priori system was devised for the fynbos region 
using Specht's (1979) heathland system as its basis (Campbell 
et al. 1981). This a priori system has classes which are strictly 
defined by height, cover and growth forms. Its use is demon-
strated in Bond (1981), Campbell (1985) and Cowling (1984). 
The classification of the plots of the lonkershoek transect 
produced with an a posteriori structural approach was ecologi-
cally meaningful and was very similar to the floristic classifica-
tion (Figure 2). The worst deviation in the classification [the 
low-altitude ericoid plot (10) placed with the high-altitude 
ericoid plots] suggested refinements that were needed in the 
structural characters. Another example is provided by the 
Cedarberg data. Even though the Cedarberg data come from 
a single region, a species-based classification produced groups 
that were strongly related to the subregion from which the 
plots were taken (Figure 3A). For instance, the medium 
altitude type of the south aspects (type W) bears little floristic 
relationship to the types of the north aspects, probably because 
the plots of the south aspects were geographically separated 
from those of the north aspects (about 30 km). A similar 
geographical separation was the case with type K, karroid 
type, but because non-succulent karroid vegetation generally 
has a low delta diversity, the floristic classification recognizes 
type K as occurring on both north and south aspects. At the 
highest altitudes the plots from the south aspects were not 
always at a distance from those of the north aspects, and 
therefore the floristic classification shows some similarity 
between north and south aspects. The structural classification, 
on the other hand, stresses the non-floristic vegetation similari-
ties and is ecologically meaningful (Figure 3B). The classifica-
tion clearly shows the altitudinal patterns, with karroid vegeta-
tion at the base of the mountains (K & k), Asteraceous Fynbos 
(S & s) at medium altitudes, and Restioid Fynbos (R & r) 
at high altitidues (community types as in Campbell 1985). The 
relative success of the a posteriori approach in the reconnais-
sance transects, and the favourable reports it has received 
elsewhere (Moll et al. 1976; Linder & Campbell 1979), especi-
ally in the tropics where plant identification problems are 
similar (Webb et al. 1970, 1976; Werger & Sprangers 1982), 
logically suggests its use in the study area. 
Higher taxa. A number of researchers have used higher taxa 
for characterizing and classifying vegetation. For instance, lain 
(1976) and Holland & lain (1981) suggest that vernal pool 
vegetation is more characterized by genera than by species 
and that diversification of species is apparently geographical 
rather than ecological. Van der Maarel (1972) noted the use 
of genera for characterizing vegetation (e.g. Salicornia as a 
typical halophytic genus) and he used relative abundances of 
different Orders of plants to describe vegetation Alliances. 
Dale & Clifford (1976), in a numerical classification of a small 
area, found that the use of genera and subgenera instead of 
species caused little loss in ecological interpretability. 
In the present project I have not done a comprehensive 
study of higher taxa - an impractical task given the present 
time constraints, the numerous genera in the study area (over 
900 in the Cape Floristic Region, Goldblatt 1978), and the 
problems of obtaining identifications. Instead I have restricted 
myself to using floristic information to subdivide those struc-
tural characters that I hypothesized to be heterogeneous. For 
instance, ericoid leaves were subdivided according to family 
(Ericaceae vs. non-Ericaceae) because it was hypothesized that 
ericaceous ericoid leaves are mainly a mesic phenomenon 
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Table 2 A comparison between various structural classifications produced using a priori systems 
and a classification produced by a numerical a posteriori approach. Data from the Jonkershoek 
transect. The relative success of the various structural classifications (described and referenced 
in Kruger 1981) in approaching the floristic ('correct') classification is show. The success of the 
best a priori system (italicized) is always lower than that of the a posteriori system 
Number of groups 
in the classification 
Group-forming 
success (070) 
Plot linkage 
success (070) 
e 
en 
'Correct' classi-
fication (Floristic 
- see Figure 2) 
7 
100 
100 
o 
---
25 
oe 50 
75 
Andrag (groups 
broadly defined) 
8 
50 
47 
Structural classifications 
A posteriori 
A priori approaches approach 
Andrag Edwards Edwards Specht 
(narrow) (broad) (narrow) 
10 5 II 6 8 
40 60 54 50 87 
47 31 52 31 78 
I 
..-L 
r-
plots 2 3 4 5 6 7 8 9 10 11 12 15 13 14 16 17 18 19 
correct --;-
classification c m2 m3 m4 
C~:::ifl~~~lion T-' , , 7 7 7 a, 0 0 0 ct> 0 @ (t) 0 () () () 
Figure 2 Floristic and structural (a posterior!) classifications of the lonkershoek data. The dendrogram was· produced using the floristic data. Each 
group of the a posteriori structural classification is identified by a different symbol, with the similarity between symbols indicating similarity between 
groups. s - Strandveld; c - Coastal Fynbos; r - RenosterbosveId; m - Mountain Fynbos (Taylor 1978). 
whereas non-ericaceous ericoid leaves are mainly a xeric 
phenomenon. One could argue that these floristic criteria are 
indeed structural criteria. For example, ericaceous ericoid 
leaves are distinct from non-ericaceous ericoid leaves by being 
whorled . However, many of these so-called structural criteria 
are of dubious adaptive value to the plants, and for this reason 
it is preferable to recognize these criteria as being primarily 
floristic. Werger & Sprangers (1982) also discuss the problem 
of species-bound structural criteria. 
Numerical techniques 
Numerical classification 
In the initial stages of the data analysis the major thrust of 
the analysis was the attempt to produce a numerical classifica-
tion of plots. About 20 classificatory attempts were made with 
TWINSP AN but the classifications produced were ecologically 
meaningless. This was surprising considering the relatively 
successful previous attempts at numerical classification of 
structural data (Linder & Campbell 1979; Moll et at. 1976; 
Webb et at. 1970, 1976; Weger & Sprangers 1982). The lack of 
success may be partly due to the manner in which quantitative 
data are processed in TWINSPAN. Quantities are recorded 
by creating 'pseudospecies' (character states of characters). 
In structural data, it is the quantitative aspects of the data, 
and not the qualitative aspects that are important in differen-
tiating communities, because most structural characters are 
found throughout the data set (see also Werger & Sprangers 
1982). TWINSPAN was used in the analyses because it is one 
of the few techniques that can cope with more than 500 plots. 
However, the manner in which TWINSPAN processes quanti-
tative data was not the only major problem, because classifica-
tions produced by COMPCLUS were also ecologically mean-
ingless. COMPCLUS utilizes quantitative data in the manner 
of most cluster analyses. 
The unsuccessful results of the numerical clustering are 
probably due to the nature of the vegetation characters used as 
classificatory attributes, and the limited number of characters 
that could be used because of restrictions on the size of the 
data matrix imposed by computing considerations. It is not 
easy to decide if and how structural characters should be 
weighted. Should those characters showing a dose relationship 
with the environment be more heavily weighted than those that 
show weak relationships with the environment? A number of 
characters (e.g. stem sizes of restioids) may show no relation-
ships with environmental variables but it is not easy to identify 
these characters without a thorough analysis of each structural 
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Figure 3 A comparison of a floristic classification and an a posteriori structural classification of the Cedarberg data. The groups of the classification 
are shown by different symbols - see text for explanation of some of the symbols (not all symbols are explained as the aim of this figure is 
to contrast the two methods, not to describe the resulting classifications). Similarity between groups at a higher level is indicated by similarity 
of symbols . The plots of the transect are placed within two ordination diagrams, each diagram representing differing slope aspects. The structural 
classification is based on 23 growth forms . 
character. A major problem is the complex similarity relation-
ships amongst characters which is not taken into account in 
the assessment of similarity between plots (see Linder & 
Campbell 1979 for details). One partial solution is to show 
similarity amongst characters by including such characters as 
total restioid cover and total graminoid cover. This greatly 
increases the number of characters that must be used. It also 
introduces further weighting problems. For instance, should 
total restioids be given the same weight as low restioids, 
and how does one weight total graminoids with respect to 
restioids? Furthermore, these weightings probably change at 
different hierarchical levels of the classification. Therefore at 
a certain level in the hierarchy it is total restioids that must 
be heavily weighted whereas at a lower level it is height sub-
divisions of restioids that should be heavily weighted. 
If one uses a numerical classificatory technique with the 
structural data as a step-by-step iterative procedure, with each 
classification in the procedure being used to suggest the 
character choices and weightings of the next classification, it 
is highly likely that one could eventually arrive at an acceptable 
classification. Time considerations did not permit the above 
iterative and subjective procedure in the present project, and 
therefore the table-sorting procedure was used (as described 
under Methods). 
Although I think that it can hardly be argued that a numeri-
cal classification would provide a more objective classification 
(considering the numerous subjective choices required, e.g. 
choice of: characters, weightings, similarity coefficients, trans-
formations and clustering algorithms - see also discussion 
by Gauch 1982, van der Maarel et al. 1978; Werger 1974a, 
1974b), it is still nevertheless desirable that the final classifica-
tion can be formalized by a mathematical model of plot and 
class similarity. After completing my group-making using the 
table-sorting procedure, I did one further TWINSPAN. 
Because of computer limitations on the size of the data matrix 
only 47 structural characters could be used. 
Despite the computing limitations the TWINSP AN classifi-
cation and my classification show a great degree of similarity 
(Table 3). In general each of the TWINSPAN groups corre-
sponds roughly to one of my groups, and the TWINSP AN 
groups do suggest some relatively satisfactory alternatives to 
my classification. One of these alternatives, involving the 
movement of a high altitude restioid community from Dry 
Restioid Fynbos to Azonal Restioid Fynbos, was accepted and 
has been incorporated into Table 3 and into the fmal classifica-
tion (Campbell 1985). TWINSPAN makes no separation 
between Forest & Thicket on the one hand and Closed-Scrub 
Fynbos on the other. This close relationship has been noted 
(Campbell 1985) and some previous workers have assigned 
my Closed-Scrub Fynbos to 'Riverine Scrub and Forest' 
(Werger et al. 1972; see also Campbell & Moll 1977). 
Only one of the four Proteoid Fynbos communities, the 
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Table 3 The relationship between my classification (columns) and a TWINSPAN classification (rows). 502 plots 
were used for my classification (5 others were peculiar and were not assigned to a community). Numbers in 
brackets give numbers of plots per TWINSPAN group or per community. The matrix shows numbers of plots 
common to specified groups and communities. The TWINSPAN groups have been selected from the hierarchical 
levels which give groups corresponding best to my communities. That the two classifications are not independent 
is indicated by the highly significant y! (X2 > 1 000, d.f. = 238, P < 0,0001). Cells contributing substantially to 
the X2 are given asterisks (*: contributing 8-15; **: 15-30; ***: 30-60; ****: > 60) 
Karroid Grassland Asteraceous Fynbos Restioid Fynbos Ericaceous Proteoid Fynbos C1osed-
Scrub & & 
Forest & 
Thicket 
(19) 
Renosrer 
Shrubland 
(27) 
Grassy Grassy 
Shrubland Fynbos 
(37) (34) 
Dry 
(19) 
Meso-
trophic 
(23) 
Oligo 
trophic 
(27) 
(41) 
(41) 
(20) 
(41) 
(25) 
(54) 
(14) 
(23) 
(70) 
(46) 
(10) 
(37) 
(23) 
(21) 
(36) **is 
2 
2 
2 
8 
I 
2 
**** 16 
2 
I 
3 
2 
6 
**i7 
**js 
6 
***9 
2 
tall and dense Wet Proteoid Fynbos, is clearly differentiated 
by TWINSPAN. The TWINSPAN classification of Proteoid 
Fynbos is primarily a subdivision based on gross structural 
features particularly canopy cover (which is very fIre-sensitive) 
and dominant understorey characters. It is not as ecologically 
meaningful as my classification because of the effect of fire 
but it does highlight the problems with the Proteoid Fynbos. 
Proteoid Fynbos is the series which is most artifIcially defIned, 
i.e. (I) proteoid cover above 10070 defines Proteoid Fynbos 
whereas proteoid cover below 10% indicates a non-proteoid 
community; and (2) the major communities of Proteoid Fyn-
bos (in Table 3) are differentiated by the dominant proteoid 
and may include a cover range of proteoids from 10- 100%. 
At the lowest hierarchical level within Proteoid Fynbos, the 
classification is more natural since understorey characters are 
used to differentiate most types . Dry Restioid Fynbos and 
Oligotrophic Asteraceous Fynbos are the two other commu-
nities that are not identifIed in any TWINSP AN groups. This 
confirms my impressions that these communities (and Mesic 
Restioid Fynbos) were not easily characterized. 
The TWINSP AN classification has two major groups; 
one is almost entirely fynbos whereas the other includes all 
non-fynbos and some fynbos. The fynbos included in this 
latter group is Closed-Scrub Fynbos, much Asteraceous 
Fynbos and even some Grassy Fynbos and Dry Restioid 
Fynbos. TWINSP AN is emphasizing the similarity of some 
fynbos communities to the non-fynbos communities. How-
ever, the TWINSPAN grouping is not really acceptable. For 
instance, Dry Asteraceous Fynbos is one of the few communi-
ties that has long been recognized ('Arid Fynbos') and at no 
stage has it ever been regarded as non-fynbos (Adamson 1938; 
Acocks 1953; Kruger 1979; Taylor 1978). 
Discriminant analysis 
Many of the problems emerging from the use of numerical 
methods in the analysis of vegetation data are due to the non-
linear relationships between variables (Noy-Meir & Whittaker 
1977), which in most vegetation work are species. Discriminant 
analysis has been used as a classification and ordination 
technique for species-based vegetation data but has met with 
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little success. This is not surprising as one of the assumptions 
of discriminant analysis concerns linearity between variables. 
However, as used in Campbell (1986) where the analysis is 
done on environmental data, the assumptions are met, as in 
this case environmental variables usually show linear relation-
ships with each other. As such the technique is useful for 
formally linking the vegetation classification with environ-
mental variables (see also del Moral 1975; Green 1979; Robert-
son 1978). Many workers use sophisticated methods to analyse 
vegetation data, but only make informal connections between 
vegetation and environment (e.g. see Gauch 1982: p. 70). This 
methodology is especially open to criticism when the vegeta-
tion/environment relationship is being used to test or sub-
stantiate the reality of a vegetation classification (as it is used 
in the Braun-Blanquet approach - Westhoff & van cter 
Maarel 1973; Werger 1974b). This testing of the classification 
is one of the falsification steps (sometimes the only one) in 
the methodology and is therefore essential to the methodology 
because the group-making step, an inductive procedure, is the 
more metaphysical part of the methodology (Popper 1959; 
Pignatti 1980; see further discussion). 
Some epistemological considerations 
Producing the classification 
The hierarchy of the final classification is a true hierarchy, 
the higher levels being associated with major discontinuities 
and hence higher predictive power (Webb 1968; Westhoff 
1967). Furthermore, the classification is natural in the sense 
that ecological relationships are usually implied by the arrange-
ment of groups (UNESCO 1973) and natural in the sense that 
the groups are mostly defmed by many characters (Cline 1949; 
Davis & Heywood 1963). Hierarchies, however true, and 
classifications, however natural, remain a human invention, 
a conceptual tool and a theory (Bunge 1962; Mayr 1968). They 
are provisional, awaiting further information and understand-
ing prior to modification. 
Because the classification is a mere invention, it would be 
well to study the basis of arriving at the invention. The first 
point is that the procedures leading to the classifIcation were 
iterative; there was no simple linear sequence of procedures 
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(Figure 4) . The iterative process ('successive refinement') has 
been emphasized as the working mode of vegetation ecologists 
(Poore 1962; Moore et al. 1970; Gauch 1982). In the present 
project numerous classifications of plots were produced. Some 
were unacceptable because the plots of the groups produced 
were not consistent in their relationships to the environment 
and others were unacceptable because the plots of the groups 
were not sufficiently homogenous with respect to their struc-
tural characters. The iterative process that was followed is 
much like the procedures used in the table sorting technique 
of Braun-Blanquet as used with floristic data, except that the 
characters used in the Braun-Blanquet technique, species, are 
not continually modified and occasionally discarded. With the 
structural data there was continual modification of the struc-
tural characters as the patterns in the data matrices were 
revealed (i.e. as ecologically meaningful groups of plots and 
characters were identified). 
In the iterative process there are many subjective, creative 
choices that must be made. Firstly there is the selection of 
characters. There is almost no limit to the number of possible 
characters. The problems of character choice are more akin 
to those of idiotaxonomists than to syntaxonomists. (I use 
'syntaxonomists' in the restricted sense, to denote ecologists 
using the Braun-Blanquet approach). In syntaxonomy, charac-
ter choice, species, is simple and each species is relatively well 
defmed. In idiotaxonomy there is a range of possible characters 
to be selected but at least there has been up to 200 years of 
observation of characters in idiotaxonomy and therefore 
proven characters can be selected (Cullen 1968). Furthermore 
there has been much written on the choice of idiotaxonomic 
characters (e.g. as in the approach of Sneath & Sokal 1973 
where such concepts as 'unit characters' and 'logically corre-
lated characters' have been discussed). No such body of 
knowledge exists for the choice of structural characters and 
my selection must reflect many personal biases and hypo-
theses. Structural characters are selected which the researcher 
thinks will produce a stable, ecologically meaningful classifica-
tion. The selection of characters also reflects the present 
unacceptable 
classification 
CD 
classificatio .n 
CD s numerous times 
Choice of Characters 
Numerical ClaSSification 
Figure 4 The procedu[(' followed in the production of the final 
classification. 
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paradigms within which the researcher is working, e.g. the 
absence of characters such as bark features and bud protection 
reflects the view that fire and frost have not been important 
in determining types of climax fynbos . 
Another subjective and creative step in the iterative process 
is the sorting of rows and columns in the table sorting proce-
dure. This involves much weighting of characters, and alterna-
tive classifications can be produced depending on the weights 
given. For instance, my first major division of fynbos (Eastern 
vs. Mountain Fynbos - Campbell 1985) corresponds roughly 
to a grassy vs. non-grassy fynbos . Almost as acceptable would 
have been a first division based on xeric structural characters 
giving a 'Xeric Fynbos'. Such alternative classifications often 
differ only in their practical value, rather than in their theore-
tical content. Many of these problems of weighting are found 
in idiotaxonomy but, as indicated earlier, there has at least 
been much discussion of the idiotaxonomic process, including 
weighting. Furthermore, in idiotaxonomy there is a unifying 
foundation to the classification, i.e. the evolutionary process, 
whereas in classifications based on structure, there is no singie 
causal factor (e.g. a classification reflecting a nutrient gradient 
could be as acceptable as one reflecting a moisture gradient). 
Idiotaxonomy above the species level corresponds more to 
structural classification, and it is not surprising that such 
idiotaxonomy has been termed 'fictional', 'unreal', and 'sub-
jective' (Ruse 1969). Syntaxonomy does not appear to suffer 
the problems of structural classification, perhaps because of 
the numerous species that are used as classificatory characters 
and the roughly equal weighting that is given to each species 
(as reflected in the use of full floristic composition in the 
classification - Westhoff & van der Maarel 1973). 
The structural classificatory process as described above can 
be seen to be extremely subjective and it represents nominalism 
in the extreme, i.e. the view that all groupings are artifacts 
of the human mind and only the individuals (in this case the 
vegetation stands where plots were done) have real existence 
(Bunge 1962; Mayr 1968). Given the subjective nature of the 
inventive process (essentially an inductive process) and the 
metaphysical nature of the final statements (popper 1959) the 
production of the classification hardly classifies as science if 
the methodology ends at the final classification . The critical 
stage, the test of the classification (i.e. the test of the hypo-
thesis), must then follow. 
Testing the classification 
The classification should stand up to a number of tests. Firstly 
there is the question of internal consistency. In syntaxonomy 
group-making is done independently of the environmental 
data, and once the classification has been produced, the 
groups can be substantiated by checking that each group 
is environmentally homogenous, and different from other 
groups. This cannot be done in the present project for the 
fear of circularity: throughout the group-making process there 
was informal checking that the groups produced and the 
characters used were environmentally meaningful. However, 
the formal analysis of the community/environment relation-
ships (using discriminant analysis), as described in Campbell 
(1986), is necessary for checking the internal consistency 
of the classification. The discriminant functions using all 
environmental variables never misclassified more than 20070 
of the plots of the communities being compared. This error 
is within the acceptable range, considering the amount of 
'noise' associated with plot data (e.g. Gauch 1982). Another 
aspect of internal consistency concerns the characters used to 
differentiate communities: do the characters show consistent 
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patterns? This aspect of consistency appears to be met by the 
classification. For instance, grass cover (together with other 
characters) is used to differentiate a number of communities, 
and in all cases the community with the higher grass cover 
is found on the finer textured soils and/or is found in the more 
eastern areas. 
The second manner in which the classification can be tested 
is the most critical phase of the testing. In formal terms the 
classification is a hypothesis which has many statements of 
the following form: the combination of ai, a2 . .. ak struc-
tural characters (i.e. community A) corresponds to a given 
set of environmental conditions (cj Pignatti 1980). The critical 
test is the attempt to falsify the hypothesis, and this can only 
be done by the collection of more data or by the use of 
previously published data (data not used in the group-forming 
process). Test plots from various published sources and a 
further 47 plots collected after the completion of the classifica-
tion, all give much support to the hypotheses implicit in the 
proposed classification. The assignment of all these test plots 
to a structural community was accomplished by using the field 
keys provided in Campbell (1985). 
In all cases from the published sources, there is much 
similarity between the floristic classifications given in the 
publications and my classification. (However, it is not a 
requirement that a structural classification mimic a floristic 
classification. All that is required is that the classification 
produced is ecologically meaningful). All the 36 plots placed 
in the fynbos group by Werger et al. (1972) are also structural-
ly identified as fynbos. In addition, of the eight non-fynbos 
plots, three are structurally identified as Closed-Scrub Fynbos. 
This is an alternative but acceptable treatment and does not 
result in the rejection of the hypothesis that growth forms 
CI C2 C3 ... (plumose restioids, microphyllous shrubs .. ) 
indicate environmental conditions ZI Z2 Z3 ... (streams, 
rocky substrates, altitudes below 900 m . . . ). Of the 10 plots 
representing mature vegetation of the Cango valley, Moffet 
& Deacon (1977) regard two as being fynbos; the same two 
are structurally identified as fynbos. Four other plots are 
structurally identified as Renoster Shrubland with the typical 
renoster community predictably occupying the shale soils. On 
the renoster/fynbos ecotone, Moffet & Deacon (1977) identify 
a Passerina - Elytropappus shrubland. This could either be 
placed in my Mesotrophic Asteraceous Fynbos or in my Renos-
ter Shrubland. Their unique vegetation of limestone is structur-
ally separated from the remaining vegetation; it is neatly ac-
commodated in one of the dry communities of Grassland & 
Grassy Shrubland. Their other plots are in Forest & Thicket. 
A close correspondence between a floristic classification in 
the east and my structural classification was also recorded, 
except for the placement of Mesotrophic (grassy) Proteoid 
Fynbos (Table 4). My grassy Proteoid Fynbos is a community 
within Proteoid Fynbos whereas Cowling's (1984) grassy 
proteoid vegetation falls into his Grassy Fynbos. My classifica-
tion stresses overall physiognomy and the environmental 
conditions required by tall proteoids (e.g. relatively mesic, 
deepish soils) whereas Cowling's floristic treatment stresses 
the eastern floristic characteristics of the communities. Un-
fortunately for my classification, fire history can change 
Proteoid Fynbos to other communities (e.g. by an out-of-
season fire, or by two fires in close succession) 
Figure 5 indicates the similarities between Bond's (1981) 
floristic classification of plots in the Swart berg (near transect 
GS, Figure I) and my structural classification. There is a close 
similarity; the major point of difference relating, once again, 
to Proteoid Fynbos. Proteoid Fynbos is found on both north 
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Table 4 Relationships between a floristic 
classification of 26 plots on a fynbos coenocline of the 
east (across) (Cowling 1984) and my structural 
classification of the plots (down) 
Mountain Fynbos Grassy Fynbos 
South Coast 
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veld 
2 2 
IIII 111111 222 2 2 2 2 
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Figure 5 Relationships between Bond's (1981) floristic classification 
of plots from the Swartberg and my structural classification of the plots. 
In the floristic diagram the symbols used are those of Bond whereas 
the symbols used in the structural diagram are indicated in the key. 
Numbers are used to indicate the sub-communities recognized except 
in Proteoid Fynbos where the lower case letters indicate the nature of 
the understorey (e.g. a = understorey similar to Asteraceous Fynbos). 
Bond's (1981) drought index takes into account rainfall, aspect and 
slope. Each plot is indicated by a dot unless the plot does not fit into 
the classification indicated, in which case a plot is represented by the 
symbols of the group in which it should be placed. 
and south aspects of the Swartberg whereas in Bond's classifi-
cation no links between aspects are indicated. However, if 
one takes my Proteoid Fynbos to a lower hierarchical level 
by looking at understorey characteristics then a very similar 
picture emerges. 
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Figure 6 The full hierarchical classification (see Campbell 1985) onto which the placement of the 47 test plots is displayed. The order of lower 
level communities is the same as that described in Campbell (1985). The numbers indicate the number of test plots in each leg. An assessment 
of the placement of these plots is indicated using the symbolism shown in the key. F & T - Forest & Thicket; F & RS - Karroid & Renoster 
Shrubland; G & GS - Grassland & Grassy Shrubland. 
Of the 47 test plots collected by me only two were difficult 
to assign to a structural community and only one was ex-
tremely peculiar and could not be acommodated by my 
classification (Figure 6) . An error rate of only 6070 is very 
acceptable. 
The soundness of the classification is essentially tested by 
the ease with which other plots are incorporated into the 
classification. 'Ease' can hardly be operationally defined, but, 
as shown here, few major problems arise in the attempt to 
incorporate new data into the classification. 
Value of the structural approach 
On the basis of the reconnaisance work I decided to use an 
a posteriori structural approach. Since the completion of much 
of my work, support for the approach has come from Bond 
(1981) and Werger & Sprangers (1982). In two separate tran-
sects in the southern Cape mountains Bond found that the 
approach gave acceptable classifications. The classifications 
were similar to those produced using the Braun-Blanquet 
floristic approach, and were environmentally meaningful. His 
conclusions were that a structural classification of fynbos 'may 
be expected to contribute to an understanding of ecological 
relationships, have practical application in fynbos manage-
ment, and be easier to use than a floristic system' . It should 
be noted, however, that the approach I have used is not strictly 
structural because it does include some information on higher 
taxa and dominant species and some structural characters are 
species-bound. A strictly structural classification might have 
been possible if more detailed structural characters were used 
(e.g. Orshan 1982) but such detail requires a greater knowledge 
of structural characters and their variation than is available 
at present. At least the communities produced are explicitly 
defmed, and here my classification differs from that of Acocks 
(1953) whose communities are not fully defined or are defmed 
partly on utilization potential, partly on floristic composition 
and partly on history. 
Because the structural communities show relatively close 
relationships with environmental conditions, it will be clear that 
the main purpose of the project, the production of an ecologic-
ally meaningful classification has been achieved. Furthermore, 
the use of the classification does not require a detailed floristic 
knowledge - an essential attribute of a classification if one is 
to cope with the floristic complexity of the Cape Floristic Region. 
The relative success of the classification, subject to certain 
reservations, suggests that vegetation structure does indeed 
'reflect rather faithfully the sum total of the ecological factors 
of the habitat' (Cain 1950). One reservation concerns the 
problem of defining structural characters (Werger 1977). 
Operational definitions are difficult to construct (e.g. the 
problem of defining leaf textures according to feel) and mis-
identification of a structural character is always a problem. 
The only solution, a partial one, is the use of polythetic 
definitions of structural communities, thus minimizing pro-
blems resulting from misidentification of structural characters. 
Another reservation about the success of the classification 
concerns the effect of fire on fynbos structure (see also Bond 
1981). In essence the classification only applies to about half 
of the vegetation of the mountains because at anyone time 
a considerable portion of the mountain vegetation is in various 
immature stages. And even mature vegetation may be affected 
by the fire history of the site. For instance, two fires in close 
succession may remove seed regenerating species (e.g. most 
proteoids), and thus communities such as some types of 
Proteoid Fynbos can be easily converted into a variety of other 
communities. Westhoff (1967) used the term 'twin formations' 
for strata that vary independently of each other, and Werger 
et al. (1972) apply the term to Proteoid Fynbos. It perhaps 
would have been preferable not to recognize a Proteoid 
Fynbos series, but rather to place the various communities 
of Proteoid Fynbos in other series depending on the nature 
of the understorey. This approach would probably lead to 
a more natural classification but it does have its problems. 
For example, when proteoid cover is dense, understorey cover 
is very low and it is difficult to assign such a stand to a 
specific community based on understorey characters. Fur-
thermore, a Proteoid Fynbos can be justified because'the pro-
teoid element is an extremely important physiognomic element 
(e.g. it is easily mapped from aerial photographs), it has 
important consequences for faunal communities, at least avi-
faunal communities, e.g. Burger et al. (1976), and it is usually 
limited to a specific environment (e.g. the proteoid zone, 
Taylor 1978). Apart from Proteoid Fynbos, the other series 
that fire history probably affects is Ericaceous Fynbos, as this 
is also dominated by seed-regenerating species. The structural 
approach will be less successful in the lowlands where distur-
bance has played a greater role in shaping vegetation. 
One of the prime aims of the present project was the 
provision of a vegetation classification for the managers, many 
of them non-botanists, of the mountain catchments (Kruger 
1978). Such a classification has three requirements. Firstly, 
it should be ecologically meaningful. Secondly, it should be 
based on characters that the non-botanist can use. In the case 
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of the present classification, a short course should suffice to 
ensure that users become familiar with the less than 150 
vegetation characters. Thirdly, it should be possible for the 
user to easily make positive identifications of communities. 
To this end two keys to the communities have been provided. 
The first key is in the tradition of idiotaxonornic keys and 
can be directly used in the field (Campbell 1985). It suffers 
from the problem of complexity in that differences between 
communities are usually defined, not by the presence and 
absence of a character, but by a complex combination of 
various characters in various character states. The second key 
is a computer program using numerous discriminant functions 
to discrirninate communities at the various hierarchical levels. 
This computer key has the advantage of being extremely 
polythetic. This is especially advantageous because of the 
problems of rnisidentifying structural characters. It has the 
disadvantage, of course, of requiring computer technology. 
At present it is written in FORTRAN and is therefore linked 
to a mainframe or micro-computer. However, it can be 
converted for use on a programmable calculator that can be 
taken into the field. A program listing is available from the 
author. It should be noted that the problems of using discrirni-
nant analysis with species data do not apply to such an extent 
with structural data, as many vegetation structural characters 
are found throughout the data matrices, with quantitative 
variation being more important than qualitative variation in 
defining communities. Therefore the variables (transformed 
where necessary), often show normal distributions and are 
often linearly related to one another. 
Acknowledgements 
I especially thank William Bond and Richard Cowling for 
sharing field experience and ideas during the course of doing 
a similar study. The project was carried out as part of the 
Fynbos Biome Project (CSP, Council for Scientific and Indus-
trial Research), and was funded by the Botanical Research 
Institute (Department of Agriculture, South Africa). For 
critical comment on the manuscript I thank Marinus Werger, 
Eugene Moll and the anonymous reviewers. Part of the 
project costs were borne by the Research Board of the Uni-
versity of Zimbabwe. 
References 
ACOCKS, l.P.H. 1953. Veld types of South Africa. Mem . bot. 
Surv. S. Afr. 28: 1-128. Re-published: 1975. Mem. bot. Surv. 
S. Afr. 40. 
ADAMSON, R.S. 1938. The vegetation of South Africa. British 
Empire Vegetation Committee, London. 
BEARD, l.S. 1973. The physiognomic approach. In: Ordination 
and classification of communities, ed. Whittaker, R.H. Handb. 
Veget. Sci. 5: 1-32. Junk, The Hague. 
BEWS, l.W. 1925. Plant forms and their evolution in South 
Africa. Longmans, London. 
BOND, W. 1980. Periodicity in fynbos of the non-seasonal rainfall 
belt. il S. Afr. Bot. 46: 343 - 354. 
BOND, W. 1981. Vegetation gradients in southern Cape 
mountains. M.Sc. thesis, Univ. of Cape Town. 
BOUCHER, C. 1978. Cape Hangklip area. II. The vegetation. 
Bothalia 12: 455 - 497. 
BUNGE, M. 1962. Intuition and science. Prentice-Hall, 
New York. 
BURGER, A.E., SIEGFRIED, W.R. & FROST, P.G.H. 1976. 
Nest-site selection in the Cape sugarbird. Zoological Africana 
11: 127-158. 
CAIN, S.A. 1950. Life-forms and phytoclimates. Bot. Rev. 16: 
1-32. 
CAMPBELL, B.M. 1978. Similarity coefficients for classifying 
releves. Vegetatio. 37: 101 - 109. 
139 
CAMPBELL, B.M. 1982. MULTECO: Multivariate computer 
programs for ecological data. Computer Centre, University of 
Zimbabwe, Harare. 
CAMPBELL, B.M. 1985. A classification of the mountain 
vegetation of the Fynbos Biome. Mem. bot. Surv. S. Afr. 50: 
1- 121. 
CAMPBELL, B.M. 1986. Montane plant communities of the 
Fynbos Biome. Vegetatio (in press). 
CAMPBELL, B.M., COWLING, R.M ., BOND, W. & KRUGER, 
F.l. 1981. Structural characterization of vegetation in the 
Fynbos Biome. S. Afr. Nat. Sci. Prog. Report No. 52. 
CAMPBELL, B.M. & MOLL, E.l. 1977. The forest communities 
of Table Mountain, South Africa. Vegetatio 34: 105 - 115. 
CLINE, M.G. 1949. Basic principles of soil classification . Soil Sci. 
81 - 91. 
CODY, M.L. & MOONEY, H .A. 1978. Convergence versus 
nonconvergence in mediterranean-climate ecosystems. Ann. Rev. 
Ecol. Syst. 9: 265 - 321. 
COWLING, R.M. 1984. A syntaxonomical and synecological 
study in the Humansdorp Region of the Fynbos Biome. 
Bothalia 15: 175 - 227. 
CULLEN, J . 1968. Botanical problems of numerical taxonomy. 
In: Modern methods in plant taxonomy, ed . Heywood, V.H. 
Academic Press, New York. 
DALE, M.B. & CLIFFORD, H .T. 1976. On the effectiveness of 
higher taxonomic ranks for vegetation analysis. Aust. i . Ecol. 
I: 37-62. 
DANSEREAU, P. 1951. Description and recording of vegetation 
upon a structural basis. Ecology 32: 172 - 229. 
DA VIS, P.H. & HEYWOOD, V.H. 1963. Principles of 
angiosperm taxonomy. Nostrand, New York. 
FOSBERG, F.R. 1967. A classification of vegetation for general 
purposes. In: Guide to the checklist for IBP areas, ed . 
Peterken, G.F. Blackwell, Oxford . 
GAUCH, H.G. 1982. Multivariate analysis in community ecology. 
Cambridge University Press, Cambridge. 
GAUCH, H.G. & WHITTAKER, R.H . 1981. Hierarchical 
classification of community data. i . Ecol. 69: 537 - 557. 
GLEASON, H .A. 1926. The individualistic concept of the plant 
association. Bu/!, Torrey, bot. Club 53: 7 - 26. 
GOLDBLATT, P . 1978. An analysis of the flora of southern 
Africa. Ann. Mo. bot. Gdn. 65: 369 - 436. 
GOOD, R. 1974. The geography of the flowering plants. 
Longman, London. 
GOODALL, D.W. 1973. Nuni.erical methods of classification. In: 
Ordination and classification of communities, ed. Whittaker, 
R.H. Hand. Veget. Sci. 5: 575 - 615. Junk, The Hague. 
GREEN, R.H. 1979. Sampling design and statistical methods for 
environmental biologists. Wiley, New York . 
HILL, M.O. 1979. TWINSPAN - A FORTRAN program for 
arranging multivariate data in an ordered two-way table by 
classification of the individuals and attributes. Cornell 
University, Ithaca, New York. 
HOLLAND, R.F. & JAIN, S.K. 1981. Insular biogeography of 
vernal pools in the central valley of California . Am. Nat. 117: 
24-37. 
lAIN, S.K. 1976. Some biogeographical aspects of plant 
communities in verna pools. In: Vernal pools: their ecology and 
conservation, ed. lain, S.K. Institute of Ecology Publication 
No.9, University of California, Davis. 
KNIGHT, D.H. & LOUCKS, O.L. 1969. A quantitative analysis 
of Wisconsin forest vegetation on the basis of plant function 
and gross morphology. Ecology 50: 219 - 234. 
KRUGER, F.J . 1977. Ecological reserves in the Cape Fynbos: 
towards a strategy for conservation. S. Afr. i . Sci. 73: 81 - 85 . 
KRUGER, F.l . 1978. A description of the Fynbos Biome project. 
S. Afr. Nat. Sci. Prog. Report No. 28. 
KRUGER, F.l. 1979. South African heathlands. In: Ecosystems of 
the world. Vol.9A. Heathlands and related shrublands. 
Descriptive studies, ed. Specht, R.L. Elsevier, Amsterdam. 
KRUGER, F.l . 1981. Structural/physiognomic/functional 
classification and description of fynbos vegetation: a workshop 
report. CSP, CSIR, Pretoria. 
KRUGER, F.l . & TAYLOR, H.C. 1979. Plant species diversity in 
Cape Fynbos: gamma and delta diversity. Vegetatio 41: 85 - 93. 
140 
LINDER, P . & CAMPBELL, B.M. 1979. Towards a structural-
functional classification of fynbos: a comparison of methods. 
Botha!ia 12: 723 -729. 
MARLOTH, R. 1908. Das Kapland. Gustav Fischer Verlag, Jena. 
MA YR, E. 1968. Theory of biological classification. Nature 220: 
545 - 548. 
MOFFET, R.O. & DEACON, H.J . 1977. The flora and 
vegetation in the surrounds of Boomplaas Cave: Cango Valley. 
S. Afr. Archaeo!. Bull. 32: 127 - 145. 
MOLL, E.J., CAMPBELL, B.M. & PROBYN, T.A. 1976. A 
rapid statistical method of habitat classification using structural 
and physiognomic characteristics. S. Afr. J. Wild!. Res. 6: 
45 - 50. 
MOORE, J.J., FITZSIMONS, P., LAMBE, E. & WHITE, J. 
1970. A comparison and evaluation of some phytosociological 
techniques. Vegetatio 20: 1 - 20. 
MORAL, R. del. 1975. Vegetation clustering by means of 
ISODA TA: revision by multigroup discriminant analysis. 
Vegetatio 29: 179 - 190. 
NOY-MEIR, I. & WHITTAKER, R.H. 1977. Continuous 
multivariate methods in community analysis: some problems 
and developments. Vegetatio 33: 79 - 98. 
ORSHAN, G. 1982. Monocharacter growth form types as a tool in 
an analytic-synthetic study of growth forms in mediterranean 
type ecosystems. A proposal for an inter-regional program. Ecol. 
Mediterr. T.VIII: 159-l71. 
PARSONS, D.J. 1976. Vegetation structure in the mediterranean 
scrub communities of California and Chile. J. Eco!. 64: 
435 -447. 
PIGNA TTl, S. 1980. Reflections on the phytosociological approach 
and the epistemological basis of vegetation science. Vegetatio 42: 
181 - 185. 
POORE, M.E.D. 1962. The method of successive approximation in 
descriptive ecology. Adv. Eco!. Res. 1: 35 - 68. 
POPPER, K.R. 1959. The logic of scientific discovery. Basic Books, 
London. 
ROBERTSON, P.A. 1978. Comparisons of techniques for 
ordinating and classifying old-growth floodplain forest in 
southern Illinois. Vegetatio 37: 43 - 51. 
RUSE, M. 1969. Definitions of species in biology. Brit. J. Phi!. Sci. 
20: 97-119. 
SNEATH, P.A. & SOKAL, R.R. 1973. Numerical taxonomy. 
Freeman, San Francisco. 
SPECHT, R.L. 1979. Heathiands and related shrublands of the 
world. In: Ecosystems of the world. Vol. 9A. Heathiands and 
related shrublands. Descriptive studies, ed. Specht, R.L. Elsevier, 
Amsterdam. 
TAYLOR, H.C. 1978. Capensis. In: The biogeography and ecology 
of southern Africa, ed. Werger, M.J.A. Junk, The Hague. 
UNESCO. 1973. International classification and mapping of 
vegetation. Ecology and Conservation 6. UNESCO Paris. 
S.-Afr. Tydskr. Plantk., 1986,52(2) 
VAN DER MAAREL, E., 1972. Ordination of plant communities 
on the basis of their plant genus, family and order relationships. 
In: Grundfagen und methoden der pflanzensoziologie, eds. van 
der Maarel, E. & Tuxen, R. Ber. Int. Syrup. Rinteln 1970. 
Junk, The Hague. 
VAN DER MAAREL, E., JANSEN, l .G.M. & LOUPPEN, 
J.M.W. 1978. TABORD, a program for structuring 
phytosociological tables. Vegetatio 38: 143 - 156. 
VAN DER MEULEN, F., MORRIS, l .W . & WESTFALL, R. 
1978. A computer aid for the preparation of Braun-Blanquet 
tables. Vegetatio 38: 129 - 134. 
WEBB, L.l. 1968. Environmental relationships of the structural 
types of Australian rain forest vegetation. Eco!ogy 49: 
296-311. 
WEBB, L.l., TRACEY, l .G., WILLIAMS, W.T. & LANCE, 
G.N. 1970. Studies in the numerical analysis of complex rain 
forest communities. V. A comparison of the properties of 
floristic and physiognomic-structural data. J. Eco!. 58: 203 - 232. 
WEBB, L.J., TRACEY, J.G. & WILLIAMS, W.T. 1976. The 
value of structural features in tropical forest typology. Aust. J. 
Ecol. 1: 3 - 28. 
WEIMARCK, H. 1941. Phytogeographical groups, centres and 
intervals within the Cape Flora. Lunds Univ. arsskrift N.F. Adv. 
2. 37: 1 - 143. 
WERGER, M.l.A. 1973. Phytosociology of the upper Orange River 
valley, South Africa: a syntaxonornic and synecological study. 
Doctoral dissertation, Univ. Nijmegen. V & R, Pretoria. 
WERGER, M.J.A. 1974a. The place of the Zurich-Montpellier 
method in vegetation science. Folia. Geobot. Phytotax., Praha 9: 
99-109. 
WERGER, M.l .A. 1974b. On concepts and techniques applied in 
the Zurich-Montpellier method of vegetation survey. Botha!ia 11: 
309 - 323. 
WERGER, M.J.A. 1977. Applicability of Zurich-Montpellier 
methods in African tropical and subtropical range lands. In: 
Application of vegetation science to grassland husbandry, ed. 
Krauss, W. Handb. Veget. Sci. 13: 125 - 145. Junk, 
The Hague. 
WERGER, M.J.A., KRUGER, F.J . & TAYLOR, H.C. 1972. A 
phytosociological study of the Cape fynbos and other vegetation 
at Jonkershoek, Stellenbosch. Botha!ia 10: 599 - 614. 
WERGER, M.l.A. & SPRANGERS, J.T.c. 1982. Comparison of 
floristic and structural classification of vegetation. Vegetatio 50: 
175 -183. 
WESTHOFF, V. 1967. Problems and use of structure in the 
classification of vegetation. Acta bot. neer!. 15: 495 - 511. 
WESTHOFF, V. & VAN DER MAAREL, E. 1973. The Braun-
Blanquet approach. In: Ordination and classification of 
communities, ed. Whittaker, R.H. Handb. Veget. Sci. 5: 
617-726. Junk, The Hague. 
